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Evaluation of an Observation-based Climatologv Model for Predicting

Visibility for Data-void Locations in Germanv

by
S. J. Bean and P. N. Somerville

University of Central Florida

1.0 INTRODUCTION

1.1 Review of Problem

A goal of the Air Weather Service has been to achieve a capability to
determine the climatic probability of above-threshold conditions of the weather
relative to the success of an Air Force flight mission, anywhere, at any time,
expeditiously. Such a capability would materially heighten the effectiveness of
a weapon system, since it is well-known that the environment can both degrade and
enhance system effectiveness.

One method of summarizing or compacting the huge volume of historical
records is by means of empirical cumulative distribution functions (cdf's). An
empirical cumulative distribution function is simply the tabulated cumulative
relative frequencies, or probabilities that a given variable will fall below
specified values. Somerville and Bean (1979) have demonstrated that a number of
climatological variables may be modeled with closed form distribution functions.
For a given location and time (e.g., month and hour) the historical observations
can be used to estimate specific model parameters.

Somerville and Bean (1981) used the Weibull distribution to model
visibility in Germany for 30 stations. The cumulative distribution function for
the Weibull is given by

—axB
F(x) =1 - e




where v and 8 are constants, Values of &« and 3 are derived for each station,
for each month and each ot the eight 3-hour periods of the day. The probabilitv

of visibilitv less than < miles is then obtained by substitution in F(x).

1.2 Methods of Extending Visibility Probabilities to Data-Yoid Regions

A more dift{cult problem is to develop models which can be used to
estimate probabilities for locations where records presentlv do not exist, Somer-—
ville and Bean (1981) developed two models for Germany. Thirty stations for which
visibility records were available were used in the development of the models. For
each of the stations, for a specified month and hour period, *he Weibull distribution
was used o model visibility., That is, a value {or each of 1® and 8 was obtained.
Having obtained the values for o and 3, these values were regressed on a set of
variables which were thoupht to have a possible influence on visibility. These
included clevation, elevation relative to the average elevation on a circle whose
radius is 20 kilometers from the station, east-west and north-south elevation
difference, population density, relative humidity, proximity to a major body of
water, mean wind speed, mean precipitation, latitude, longitude, and functions of
and intervactions between the above. A stepwise regression program was used to
select which of the varjables could be nsed as predictors for a specified month
and hour period. Finally, a specially designed least squares non-linear regression
propram was used to simultancously determine the regression coefficient in the

formulas tor v and R. This model was nomed the "variables model." The coetficients

and the regression models are given i the above referenced paper.




A second model, named the "constants model" was also developed. Here

only month and time of dav were considered. That is, no information regarding
elevation, humidity, wind speed, etc., was used. For cach month, and time of
dav, non-linear regression was used to determine the "best" values for « and |,
These were also tabulated in Somerville and Bean (1981).

In either model, extension of the climatology was accomplished by
obtaining values for a and ¢ at the data-void station, and then using the Weibull
distribution to determine the desired visibilitv probabilities.

In this manuscript we wili restrict ourselves to the cvaluation of the

constants model. FEvaluation of the variables model will be given in a future report.

2.0 EVALUATION OF THE CONSTANTS MODEL

Two methods were used to evaluate the model. First, 30 stations were
used as a "calibration” set, and the resulting constants model was used on a sccond
independent "evaluation” data set of 30 West Cerman stations. Sccond, sample re-us
was used to evaluate the constants model. From the 60 evaluations one "overall”
RMS (Root Mean Square) of the method was obtained. Sample re-usge (sometimes called
cross-validation) is a relativelv new technique which makes it possible to use the

“"calibration” and "evaluation'. Briefly, if there is a total

same set of data for
of n stations, n separate solutions are obtained. For each solution, one station

is used as the evaluation set with the remaining n-1 used as the calibration set.,

Using the method one can obtain the Root Mean Square (RMS) errvor of the medeling

procedure for cach station. The individual RMS crrors mav then be combined to




b=

obtain an overall RMS error for the procedure. For future use the recommended
mode) is the one using all the stations for the calibration set. For a good
account ol the sample re—use technique, papers by Stone (1974) and Geisser (1975)
dre recommended.

The 1irse cvaluation method gave some encouraging results, and it
also indicated some wavs we may improve the model. Exhibit 2.1 gives the RMS
of the prebability estimaves for each station taken over all months and hour periods
with the exception of hour periods 1 and 2. The data for these early pre-dawn hours
are frequently missing, and thev were, therefore, eliminated from the study.
Statiens 4, 13, aad 26 stand out as very poor {its which inflate the overall RMS
considerably. ‘These three starions ave much higher in elevation than the othler
stations in the study. Also, they are much higher than the surrounding area. These
factors scem to pive rise to much different visibility conditions than the other
areas in the studv.

vxhibit 2.2 pives the resulting RMS values averaged over all stations
in the evaluation set tor cach month and hour periods 3 through 8. The overall
MS et LJ1A8 compares favorably with the calibration data set overall RMS of .063.
The mode! obviously does not fit as well on the evaluation set, and we certainly

could oot vxpeet that it would.




Station EMG

Overall RMS For Each of The 30 Stations

1 AACHEN, DL 074
2 RREMENs GER 055
3 LINGENs GER 050
a KAHLER ASTEN, GER 241
5 ATGEN ENNSTALs GER 109
6 FLEZEN / DORRA, CZ 110
7 BREMGARTENs GER L 052
8 OEKERSTUORF» GER 107
9 KONSTANZ,» GER 054
10 INNSERUCK, 0S L0902
11 SALZEURG. 0S L071
12 FASSAUy GER 055
: 13 FELDBERG, GER L 200
i 14 NEUHAUSEN, IiL DTG
15 NURBURG, GER L0746 |
16 KOBLENZs DL . 083
17 GIESSEN, GER , 085
18 HNERSFIELDIy DL 068
19 KISSINLENs DL L 063
20 COEURGs GER L 053
21 HOFs GER 055
22 BRERUS, GER 061
23 KARLSRUHE s GER L 063
24 OHRINGENs GER L057
25 STAURING, GER 100
26 GROSSER FALKs GER 249
27 LAHR, GER L 057
28 LAUDHEIMy GER ,054
29 KAUFEEUREN», DL V066
£ 30 MUHLIIORF , GER 051
: Exhibit 2.1
|

in The Evaluation Set
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2.2

Fxhibit

in the Evaluation Set

Stations

RMS Over All

By Month and Hour Period (LST)




The results tor the sample re-use evaluation were comparable to those

tor the tirst studv. The RMS values tor each of the 60 stations averaved over all
months and hour periods 3 through 8 are given in Exhibit 2.3, The RMS values over

: N

all 60 stations for all months and hour periods 3 throueh 8 are viven in bxhibhit 205,
The RMS values corresponding to sample re-use (Uxhibit 2.4) are venergllyv smaller
than the results using the second 30 stations for evaluation (Exhibit 2.2, Thix

is mainly due to the larger sample size in the sample re-use evaluation.,  The

sample re-use evalvation makes use of 59 stations to build a model, whereas the

tirst procedure makes use of onlv 30 stations in the model estimation

Exhibit 2.5 gives the values of « and £ for the constants me . tor
ecach month and hour period where all 60 stations are used for the cal n oset. l
Exhibit 2.6 shows the location in Germanv which were usced in developing

the models evaluated in this report.
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RMS Over All Stations by Month and Hour Period

(Sample Re-use)
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Exhibit 2.6 West German Stations

o

D Evaluation Stations

O Catibration Stations




SO CONUTOSTONS AND i\‘l-'.('w.“.}‘l!’,Nl)/\'l'l‘()_t\v,'_.\'

e constants woder has been shown to pive pood results tor estimating
visibility crobaviiitics with the excepticn of some hipner elevation dareas. Becduse
the variables model makes use of a number of characteristics of the data-void
location, ndcludineg that ol olevation, it is expected to improve the tit over the
constduts model,

One probiem with the variables model, however, is that manv orf the input
variabies mav Lo as hard to obtain as information about visibilitv, Two other
models should pe investicated to see if it is possible to improve on the constants
model and at the same time aot require too much information: one is a model that
uses onlyv toposraphical variables such as elevation and average elevation of the
sarrounding area; another is a model based on cluster analysis. That is, the
known (v, ) parameters mivht be used to determine regions of homogeneous visibility
characteristics. Constants models could then be used on the individual regions

and, as betoere, sample re-use could be used to evaluate the results.
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